Structural and functional properties of glycerol-3-phosphate dehydrogenase from a mammalian hibernator.
Glycerol-3-phosphate dehydrogenase (G3PDH; E.C.1.1.1.8) was purified from liver and skeletal muscle of black-tailed prairie dogs (Cynomys ludivicianus), a hibernating species. Native and subunit molecular masses of the dimeric enzyme were 77 and 40 kD, respectively, and both tissues contained a single isozyme with a pI of 6.4. Kinetic parameters of purified G3PDH from prairie dog liver and muscle were characterized at 22 and 5 °C and compared with rabbit muscle G3PDH. Substrate affinities for hibernator muscle G3PDH were stable (NAD) or increased significantly (K(m) G3P and DHAP decreased) at low temperature whereas K(m) NAD and DHAP of rabbit G3PDH increased. Prairie dog G3PDH showed greater conservation of K(m) G3P over a wide temperature range as well as greater thermal stability and resistance to chemical denaturation by guanidine hydrochloride than the rabbit enzyme. In addition, using the protein sequence of the hibernating thirteen-lined ground squirrel (Ictidomys tridecemlineatus) and bioinformatics tools, the deduced protein structure of G3PDH was compared between heterothermic and homeothermic mammals. Structural and functional characteristics of G3PDH from the hibernating species would support enzyme function over a wide range of core body temperatures over cycles of torpor and arousal.